The assessment of soundscape implies an interdisciplinary approach, where objective and subjective aspects are considered. For the subjective evaluation, in situ and laboratory methodologies are usually followed. Local observations allow the collection of information on the influence of different stimuli present in the environment, whereas laboratory tests present a determined quantity of controlled stimuli to the evaluator. The purpose of this work is to compare results from the different methodologies in order to understand their strengths and their weaknesses. Three urban parks in the city of Lisbon, Portugal, were evaluated. Fragments of binaural sound recordings collected in the parks were used in laboratory tests to compare with the responses in situ and of expert and nonexpert listeners. Statistically significant differences were found in several of the perceptual attributes under observation, which led to variation in the results of the main model's components. The sound environments were found to be more pleasant and uneventful in situ than in the laboratory, a phenomenon possibly due to the influence of other stimuli such as visual in the process of assessment. The in situ tests allow a systemic and holistic evaluation of the environment under study, whereas the laboratory tests allow a specific and tightly targeted analysis of different component sound events. Therefore, the two methodologies can be useful in soundscape assessment depending on the specific application and needs. No differences were found in the assessment made by either experts or nonexperts.
Introduction
The field of soundscape studies has grown in recent years, for the better understanding of the current urban environment, its future planning, and the resulting benefits on the health and quality of life of those who live today and will live tomorrow [1] [2] [3] . Soundscape is usually defined as the perception, experimentation, and/or understanding of the sound environment mediated by context [4] . This concept has led to a broadening and deepening of different aspects of the analysis, design, and management of acoustic environments, by positioning the human being as the leading player [5] [6] [7] [8] [9] [10] [11] . Under this paradigm, subjective and objective aspects of the sound environment need to be evaluated in such a way that the characterization of their properties and perception are performed according to their context, hence requiring a multidisciplinary approach [12, 13] .
The definition proposed by ISO 12913-1 [4] establishes a clear difference between soundscape and the sound environment [1, 14] . The conventional study of the acoustic environment mostly just comprises the description, classification, and measurement of the component sound sources [15] [16] [17] , using energy, frequency, and statistical time-averaged descriptors, and in some cases psychoacoustical descriptors [18] [19] [20] [21] . On the other hand, the concept of soundscape involves the perception of the acoustic environment. Different models of subjective evaluation have thus been proposed in the literature with significant perceptual attributes being established, such as eventfulness, the pleasure experienced by the listener, and the sound activity, to name a few [22] [23] [24] [25] [26] . The influence of other stimuli (primarily visual) in the perception of sound have also been the aim of some studies [27] [28] [29] .
The subjective evaluation can be accomplished in situ at the laboratory, or both ways [30] . In situ tests can be developed from soundwalks or fixed listening points, where the evaluators present their opinion regarding different attributes of the acoustic environment. Semantic differential or response scale tests are generally used, though it is also common to conduct interviews and open-ended questions in order to not limit the possibility of evaluator's responses. The real environment offers visual, olfactory, and tactile stimuli, allowing an unmitigated contextualization to the evaluators in their perception of the environment. Consequently, the results will reflect not only the sonic aspects but also the complexity of the world outside [31] [32] [33] [34] [35] [36] .
The laboratory tests seek to have a tighter control of the different variables to which the evaluator is exposed, in a way that, to a possible extent, only the specific stimuli of interest for the investigation are presented to him. In addition to the semantic differential or scale response tests, it is possible to apply tests such as paired comparison with which the Thurston or Likert scales can be obtained [19, 22, 23, 28, [37] [38] [39] [40] . A major advantage of this type of tests is that they present simulated sound environments to the listener, which are a key aspect in the design of soundscapes.
On the other hand, unlike soundscape studies, traditional subjective assessments of ambient sound quality often use experienced listeners [41, 42] though previous studies have shown significant differences between these two types of evaluators [43, 44] .
Objective
In situ and laboratory methodologies are indeed different and may produce somewhat different results. The objective of this study was then to determine if these methodologies produce comparable results, and whether they are complementary or substitutive in the study of urban public park's soundscape.
Method

Urban parks
Three sites were chosen for soundscape assessment in the city of Lisbon, Portugal, for their importance in the city, in the sense that they are frequently visited: the Estrela Garden (JES), the Calouste Gulbenkian Foundation Garden (JFG), and the Príncipe Real Garden (JPR) [32, 45] . They have different features, uses, and locations within the urban area, see Figure 1 . Their sizes are 7,5ha for JFG, 4,6ha for JES and 1,15ha for JPR, thus covering the areas of typical gardens or city parks used by the citizens.
These parks feature pleasant places, water fountains, diverse vegetation, children's leisure spaces, with good infrastructure, clean and safe, though with some visible marks of transgression and negligence. They are located in prime areas of the city, surrounded by buildings of aligned and continuous facades, with maximum height of six floors, where noise from road and air traffic can be well perceived by the residents or visitors.
Subjective evaluation
The three parks were analyzed in terms of their acoustical characteristics (objective evaluation) and of the responses of their users (subjective evaluation). For the latter, local observations and a survey to the visitors were carried out. Laboratory tests were also made by offering sound samples to a panel of listeners to whom a questionnaire was also presented for the subjective assessment.
Sound samples were recorded binaurally in the parks along different paths used by the visitors. A survey was conducted with people randomly chosen that were visiting the park, (non-experts, twenty per park summing a total of sixty responses for all parks). A demographic profile was established for each participant (gender, age, employment status) previous to undergoing the questionnaire. The main aspects included in this survey were: relation with the park, infrastructure aspects, general impressions (without sound environment), and sound profile, as shown in Table 1 . The responses varied in accordance with the type of question from yes/no, a description, or a five option answer (very satisfied, satisfied, neutral, unsatisfied, and very unsatisfied).
The laboratory tests were attended by 25 listeners (12 experts and 13 non-experts), to whom a fragment of the binaural recordings made in each of the parks was played. Although both groups knew the places, the experts had some knowledge or training in acoustics whereas nonexpert members had not. The duration of each audio fragment was 30 seconds with headphones being used in the listening process. Both the recording and playback systems were calibrated using an artificial head to ensure that the sound pressure levels presented to listeners were as close as possible to those they would perceive at the recording location according to the diagram in Figure 2 .
The tests were carried out in the anechoic chamber of the Instituto Superior Técnico (IST), University of Lisbon.
JFG -7,5 ha.
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JFG internal path JES gazebo JPR central lake In this process, eight perceptual attributes were considered, as in Axelsson's model [22] : pleasant, chaotic, exciting, uneventful, calm, annoying, eventful, and monotonous. These attributes allow the estimation the Pleasantness and Eventfulness components of the orthonormalizad bidimensional model [46] . In this work, the means and the medians of each of the eight perceptual attributes for both the in situ and the laboratory methods were considered as measures of central tendency.
Statistical analysis
A non-parametric Mann-Whitney U test was applied to find statistically significant differences in the results of expert and non-expert evaluations and the differences according to the type of test (in situ and at the laboratory). The Mann-Whitney U test is a non-parametric test used for the comparison of two independent samples, which is mainly based on a comparison of the rank achieved with the best possible rank [47] .
Results
Sound composition
Field observations in each park identified basic aspects of the physical and sound environment, the behavior of the users, as well as existing animals and sound producing equipment. Soundwalks allowed to identify and locate the different sound contributions e.g. road traffic, electromechanical sounds (construction, ventilation, and recreation), human sounds (voices, children playing and yelling), animal sounds (mostly birds), and other natural sounds (water, wind through leaves, rain).
Natural sounds characterize the JES and JFG parks, while human sounds characterize JPR (Figure 3 ). 42% and 45% of JFG users reported being satisfied or very satisfied with the sound environment, respectively, while 80% of JES users were satisfied. JPR users were divided between satisfied (65%) and neutral (30%) (Figure 4 
Statistical analysis
The most relevant descriptive statistics and normality tests are presented in Tables 2 and 3 . Table 2 shows that laboratory tests produce less deviations than in situ tests, which may be expected since the evaluations are made from recordings that present always the same events, while the in situ environment is constantly renewed and modified.
Likewise, the results in Table 3 , show that all values of significance are less than 0.05. Therefore, it is not possible to state that the different perceptual attributes under study have a normal distribution for in situ and laboratory methodologies, taking a significance value of 5%.
Differences in the perceptual attributes
Since the results obtained did not present a normal distribution, nonparametric tests were applied to detect statistically significant differences in the perceptual attributes according to the methodology used. Table 4 presents the results obtained with non-parametric Mann-Whitney tests.
Statistically significant differences were found between in situ and laboratory tests with a significance level of 5%, though the attributes that presented these differences vary depending on location. Specifically, in JFG significant differences in the General Assessment, Chaotic, Uneventful, Calm and Annoying attributes were found. In in situ tests, this site obtained better evaluations in General Assessment, Uneventful, and Calm, while in the laboratory tests it was considered to be more Chaotic and Annoying. In the JES, statistically significant differences were found in Chaotic, Uneventful, Calm, Annoying, and Eventful attributes. In laboratory tests, this place was perceived as more Chaotic, Annoying, and Eventful, while in situ tests it was described as more Uneventful and Calm. The JPR presents statistically significant differences in Chaotic and Monotonous attributes, showing higher values in these two attributes in the laboratory tests.
In general, the results show that the tests applied in the laboratory were evaluated as more Chaotic. This happened for the three locations. Similarly, it can be seen that the places were perceived as more Uneventful in situ than in the laboratory. Consequently, in a complementary way, they were evaluated as more Eventful in laboratory tests than in situ.
These results show the importance of the sound stimulus regarding temporal information: evanescent and changing in time as described by L. Santaella [48] . They also show that other types of stimuli can be of great importance in the configuration of the listeners' responses. A clear example of this is the JFG site, which is designed with special attention to the visual and olfactory aspects and where statistically significant differences in the attributes such as General Assessment and Annoying allow the appreciation of the importance of these stimuli. in the in situ tests the main component of Pleasantness was higher than in the laboratory tests for the three places under study. The Eventfulness component also presented lower values in the in situ tests than in the laboratory. General assessment values of the sound environments were higher on in situ than in laboratory tests. placement towards the upper right quadrant, more obvious in Figure 6 (analysis with medians) than in Figure 5 .
Pleasantness and Eventfulness components
The place with the largest variations is the JES location followed by JFG, showing the largest displacements from the lower right quadrant (in situ) to the upper right quadrant (in the laboratory). Table 6 presents the results of Mann-Whitney tests applied in the analysis of differences of responses from expert and non-expert listening panel members. With a significance level of 5%, the results show that only a statistically significant difference was detected in the Monotonous attribute in the JES place. This means that no differences were found in the assessment made by either experts or non-experts.
Expert and non-expert Panel members
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Discussion and conclusions
Significant differences have been found between urban park soundscape evaluation results from in situ and laboratory subjective assessment methods. In three parks in the city of Lisbon, Portugal, these differences were found mainly in the Chaotic, Eventful and Uneventful attributes, generating a considerable impact on the Pleasantness and Eventfulness coefficients of Axelsson's model [22] . These differences may be explained by two main reasons: the existence of various and differentiated stimuli within the in situ evaluations (visual, olfactory, tactile, and gustative) and the variability of the soundscape composition in the in situ evaluations when compared to the recordings presented to the listeners in the laboratory tests.
Regarding the diversity of stimuli in the in situ tests, one may conclude that visual aspects were highly influential in the results. The visual environment generates a spatial demarcation between "the city" and "the park". This visual envelope was manifested in the evaluation results, where the sound environments were found to be more pleasant and uneventful in situ than in the laboratory. These events suggest that visual stimuli can create some kind of "acoustic barrier", which, though being a different sensorial experience, affects the evaluation of the acoustic environment. In the laboratory, however, this barrier does not exist and for the tests performed, only the sound stimulus (remarkably variable and renewable in temporal aspects) is used as variable. This way, the evaluators can appreciate more Chaotic and Eventful environments resulting from the typical activities of the city.
With respect to the soundscape variability, standard deviations evaluated in situ are greater than those at the laboratory, considering the controlled number of sound events in the laboratory tests. In in situ tests, although each listener takes ten minutes on average to answer the questionnaire, the total evaluation process (understood as the total time of 20 people evaluating each park) may take various hours. Therefore, it was impossible for all the listeners to evaluate exactly the same soundscape in in situ tests. The previous statement contrasts with the laboratory tests, where the listeners answered the questionnaire regarding the same fragment of each recording.
Although the in situ tests allow a systemic and holistic evaluation of the environments, the laboratory tests allow a specific and more focused analysis of different sound components. As such, both methodologies are useful in the evaluation of soundscape depending on the application and needs, being potentially useful and complementary in the design, evaluation and management of urban acoustic environments.
Except for the JFG location, no appreciable differences were found in the general assessment of acoustic environments according to the methodology used, which contrasts with the behavior already described regarding the more specific perceptual attributes as in Axelsson's model. This may indicate that since all listeners in the laboratory panel knew the evaluated places, the previous experiences can affect the global assessment of acoustic environment, independently of the methodology used. However, regarding more specific aspects, differences between methodologies start to be considerable.
It was further observed that no statistically significant differences were found between the responses of expert or non-expert evaluators for the laboratory tests. This result might be related to the fact that all the evaluators knew the places, being more or less familiar with the surroundings. This knowledge of the parks (from previous visits or crossings), which seemed to facilitate an independent subjective evaluation, can thus be considered as a natural process of training of the listeners mediated by context.
The results from expert and non-expert listeners were found to be in line with previous findings [43] , in the sense that they show the importance of the contextual aspects in urban soundscape assessment. In fact, in Liu's work [43] , expert and tourist evaluators had totally different previous experiences and expectations whereas in our work all listeners had some previous experiences with the parks under study. The listeners' background and context is thus a factor to be taken aboard in soundscape assessment.
